Abstract: Two experiments were performed to determine the chemical composition of by-product of passion fruit seed (BPFS) and to evaluate the performance, blood variables, carcass yield, meat quality, and oxidation of broilers fed diets containing increasing levels of BPFS. In experiment 1, a total of 60 twenty-one-day-old Cobb male broilers were distributed in a completely randomized design, with two treatments (reference feed and test diet) and five replicates of 6 birds each. Energy content in BPFS was 3945 kcal kg −1 of apparent metabolizable energy corrected for nitrogen balance and 10.68% crude protein. In experiment 2, a total of 864 one-day-old male Cobb broilers were distributed in a completely randomized design, with six treatments (control, 2.5%, 5.0%, 7.5%, 10%, and 12.5% BPFS) and six replicates of 24 birds each. Feed conversion linearly worsened (P < 0.05). At 21 d of age, blood triglyceride levels linearly decreased (P < 0.05). At 42 d, there was a linear decrease in villus height in the jejunum as the inclusion of BPFS increases. Meat quality was not affected by the different levels of BPFS. For lipid oxidation, used samples of thigh in a 6 × 3 factorial design (six levels of addition of BPFS and three storage periods) with four replications. In the treatments with 5% BPFS, the phenolic compounds present in the by-product led to a delayed and reduced oxidation. In conclusion, from 1 to 21 d and 1 to 42 d, BPFS can be used up to 5% in broiler diets without harming the parameters evaluated.
Introduction
Brazil stands out as the world's largest producer of passion fruit (Mezzalira et al. 2012) , and of all national production, the yellow passion fruit (Passiflora edulis) accounts for 97% of the planted area and volume traded (Rossi et al. 2001) . It is estimated that over 60% of this passion variety produced in Brazil is destined for in natura consumption, whereas the rest, ∼40%, is used in the processing industry (Rossi et al. 2001) . During the passion fruit industrialization process there are generated by-products, which are composed of peels and seeds, accounting for 65%-70% of the fruit weight (Oliveira et al. 2002) .
Thus, an alternative that has been studied is the use of these residues in animal feeding, as it has already been proved that fruit have high levels of bioactive compounds (vitamins, minerals, antioxidants, polyphenols, food fibers, among others) which have positive effects on health, contributing to the prevention of several diseases (Viuda-Martos et al. 2010; Ayala-Zavala et al. 2011) . Furthermore, the by-products obtained from the production of passion fruit juice can be used as an alternative feed ingredient because of its function as an antioxidant and antibacterial activities (López-Vargas et al. 2013) .
Passion fruit seeds are considered a good source of essential fatty acids, such as linoleic acid (omega-6: 55%-66%), oleic acid (omega-9; 18%-20%), palmitic acid (10%-14%), and linolenic acid (omega-3, 0.80%-1%) (Leonel et al. 2000) . Thereby, the use of passion fruit by-products in broilers' diets increased the level of unsaturated fatty acids, and omega-3 and omega-6 families, in the leg muscles (Togashi et al. 2007) .
In addition, a recent study showed that <5% of passion fruit seed residue in the feeding of laying hens did not affect their performance and residue <12.5% did not compromise the quality of the eggs (Zanetti et al. 2016) . However, for broilers the literature data are scarce and the best level was not determined, because in the literature only two levels were tested (Togashi et al. 2008) . Therefore, the objectives were to determine the energy and protein content of the by-product of passion fruit seed (BPFS) and to evaluate the effects of BPFS use in diets for broilers on performance, blood parameters, organ weights, intestinal morphometry, carcass yield, and meat quality.
Materials and Methods
The experiments were carried out in the Poultry Farming Sector at the Experimental Farm of Maringá State University, and were approved by the Ethics Committee for Animal Research -CEEA/UEM (approval No. 16/2014) .
Experiment 1 -Digestibility assay
A total of 60 twenty-one-day-old male broilers were housed in galvanized wire battery cages. The experimental design was entirely randomized with three treatments (reference feed and test diets: reference feed + 20% BPFS) and five replicates with six broilers in each. The BPFS was dried outdoors in the shade (average temperature was 24°C), then milled, and used to partially replace the reference feed, based on corn and soybean meals (45%), by 20% (as-fed basis). The experimental diet (Table 1) was formulated considering the nutritional requirements of male broilers according to Rostagno et al. (2011) .
The experimental period lasted for 10 d (5 d for acclimation plus 5 d for excreta collection), and during that period, birds received feed and water ad libitum. Feed was weighed at the start and end of the collection period to determine average feed intake. The method of total excreta collection was used, with ferric oxide (1%) serving as a marker at the start and end of collection. The cages were outfitted with plastic-covered trays, which were removed during at each collection (in 12 h intervals) to collect the excreta. Later in the experimental period (day 11), the excreta were thawed, homogenized, Rostagno et al. (2011) .
weighed, and oven-dried for 72 h at 55°C. The sample was ground milled and sent for analysis of dry matter (DM), gross energy (GE), and nitrogen, conducted according to the methodology described by Sakomura and Rostagno (2007) . Laboratory analyses of the BPFS, diets, and excreta were carried out according to methods described by the Association of Official Analytical Chemists (1990) . The GE values were determined using Parr 6100 oxygen bomb calorimeter (Parr Instrument Co., Moline, IL, USA). The determination of the total polyphenol content was performed as described by Singleton and Rossi (1965) adapted by Bloor (2001) . After laboratory analysis results were obtained for the values of apparent metabolizable energy (AME) and nitrogencorrected apparent metabolizable energy (AMEn) were calculated using the equation described by Matterson et al. (1965) .
Experiment 2 -Performance and meat quality A total of 864 one-day-old male Cobb broiler chicks were distributed in an entirely randomized experimental design consisting of six treatments (control, 2.5%, 5.0%, 7.5%, 10%, and 12.5% BPFS inclusion) and six replicates with 24 birds in each.
All birds were raised in floor pens (2.0 m × 1.0 m) with fresh wood shavings as litter and the pens were equipped with one tube feeder and one nipple drinker (six nipples per pen). Temperature was maintained at 32°C bird acclimation and was gradually reduced to ensure comfort by using a thermostatically controlled heater, exhaust fans, and cool cells. Ventilation was accomplished by negative air pressure. The lighting program throughout the study consisted of 23 h of light and 1 h of dark. Feed and water were available to the birds ad libitum. Experimental diet (Table 2) consisted of corn and soybean meals as recommended in Rostagno et al. (2011) .
Birds and experimental diets were weighed at 1, 21, and 42 d old to determine feed intake (obtained through the difference between total feed provided and orts collected at the end of each period), feed conversion (calculated as the ratio between total feed intake and weight gain, corrected by the weight of dead birds), and body weight gain.
At 21 and 42 d of age, two birds per replicate were selected (mean ± 5%) and 5.0 mL of blood were collected from the jugular vein to determine serum levels of total cholesterol and triglycerides using enzymatic colorimetric assay (Gold Analisa Diagnostica Ltda, Belo Horizonte, Minas Gerais, Brazil). The readings were performed using spectrophotometer model BIOPLUS 2000 (Bioplus Ltda, Barueri, São Paulo, Brazil) .
At 21 and 42 d of age, two birds were selected per replicate (mean ± 5%) and euthanized. The gastrointestinal tract organs (proventriculus, gizzard, pancreas, liver, and small and large intestine) were collected and weighed on a precision scale to the nearest 0.001 g, and the relative weight of each organ in relation to body weight was calculated using the equation (organ weight/ body weight) × 100. Approximately 2 cm length of each segment of the small intestine (duodenum and jejunum) was collected. The sections were dehydrated in a series of increasing alcohol concentrations, freeze-dried in xylol, and embedded in paraffin. Semiseriate and crosssectional, 7 mm-thick, histological sections were made, until five sections per slide were obtained, and then stained using the hematoxylin-eosin method. The IMAGE PROPLUS 4 computer imaging software was used for morphometric analysis. Sixty measurements were carried out (30 for villus height and 30 for crypt depth).
At 42 d of age, 12 birds were selected per treatment (mean ± 5%) for analysis of carcass yields, body parts' yields, and abdominal fat percentage. After an 8 h period of feed withdrawal, the birds were euthanized, eviscerated, and the carcasses were weighed on a digital scale to determine carcass and body parts' yields. Abdominal fat, determined as that surrounding the cloaca, cloacal bursa, gizzard, proventriculus, and adjacent abdominal muscles, as described by Smith (1993) , was weighed and its relative weight was calculated in relation to dressed carcass weight.
To evaluate the quality of meat, the breast muscle (Pectoralis major), and thigh (Biceps fermoris) were collected. The pH of samples was measured using a pH meter (Model HI 99163, Hanna Instruments, Woonsocket, RI, USA) with a penetration electrode, introduced directly into the breast fillet 15 min after slaughtering, as described by Boulianne and King (1995) and adapted by Olivo et al. (2001) . The color was measured after slaughtering, using a Minolta CR-400 colorimeter (Konica Minolta Sensing, Inc., Osaka, Japan) in three different locations of the breast and thigh according to the methodology described by Van Laack et al. (2000) . The components L* (lightness), a* (redness), and b* (yellowness) were expressed in the CIELAB color system. The muscle of the left breast of six birds per treatment was used for the analysis of water-holding capacity (WHC), and the right side for cooking weight loss (CWL) and shear force (SF). For WHC, we used the centrifugation method proposed by Nakamura and Katok (1985) .
The CWL was determined in deboned samples using the methodology described by Honikel (1998) . Samples with similar size and weight were weighed, packaged, and cooked in a water bath (80°C) for 30 min. After cooling at room temperature, samples were reweighed to determine the CWL, which is expressed as a percentage according to the formula: (initial weight − final weight) × 100/initial weight. Three subsamples with a crosssectional area equal to 1 cm 2 , and length approximately equal to 3 cm, were obtained from each cooked sample, placed with the fibers oriented perpendicularly to a Warner-Bratzler shear device coupled to a TA-XT2i texture analyser (Stable Micro Systems, Ltd., Godalming, UK) to determine SF (Lyon et al. 1998 ). The force required for shearing the samples was expressed in Newton (N).
For evaluation of the lipid oxidation of meat, samples of the thigh meat were used, stored at −18°C, and analyzed for three periods of storage (1, 30, and 60 d), observing the oxidation of malondialdehyde (MDA) equivalent by the thiobarbituric acid reactive substance methodology, according to Sorensen and Jorgensen (1996) in a 6 × 3 factorial design (with six levels of inclusion of BPFS and 3 d of storage). For the calculations, a standard curve of MDA and the data expressed as milligram of MDA/kilogram of sample were used.
The obtained results were analyzed using SAEG (2007) . Following analysis of variance, whenever a difference was found, the degrees of freedom were decomposed into polynomials and analyzed by regression for the different relationships -linear or quadratic (P < 0.05). For the variables that showed quadratic responses, the point of inflection was calculated as the best relationship. To compare the results, the data were subjected into the Dunnett's test at 5% probability, to compare each of treatments with control. 
Results
In the experiment 1, BPFS showed values of DM of 92.21%, AMEn of 3945 kcal kg −1 , 10.68% of crude protein (CP), 43.71% of acid detergent fiber (ADF), and 50.22% of neutral detergent fiber (NDF). The pectin content of the by-product studied was 18.34%. The metabolization coefficients of AMEn, DM, and CP were 69.34%, 66.92%, and 63.38%, respectively. The metabolizable coefficients of NDF (50.41%) and ADF (30.53%) were high and can be related to the amount of lignin (5.77%) and pectin (18.34%) found in the by-product. In passion fruit, there are also phenolic substances present; in most cases, these have bioactive properties, such as flavonoids, phenolic acids, and polyphenols. The BPFS used showed 4.01 mg GAE g −1 (gallic acid equivalent) of phenolic compounds.
In the experiment 2, there was no difference (P > 0.05) in weight gain and feed intake, but feed conversion increased linearly (P < 0.05) in both periods 1-21 d and 1-42 d (Table 3) . Total cholesterol values of blood at 21 and 42 d showed no difference (P > 0.05) among treatments (Table 4) . At 21 d of age, there was a linear decrease (P < 0.05) in blood triglycerides, as BPFS increased levels in the diet. The relative weight of the gastrointestinal tract organs (proventriculus, gizzard, small intestine, cecum, liver, and pancreas) and length of the small intestine were not affected (P > 0.05) by the BPFS levels in the diets at 21 d of age, and at 42 d of age only the relative liver weight had an effect (P > 0.05) (Table 5 ), behaving quadratically (P < 0.05), with the lowest weight at the estimated level of 7.42% of BPFS. At 21 d of age, there was no effect (P > 0.05) on intestinal morphology (villous height, crypt depth, and villus:crypt) in the duodenum and jejunum (Table 6 ). However, at 42 d of age, jejunal villus height decreased (P < 0.05) as the level of BPFS increased. The carcass yield, cuts and abdominal fat of broilers at 42 d of age (Table 7) showed no differences (P > 0.05). The pH (15 min postmortem), WHC, CWL, and SF of breast meat were not affected (P > 0.05) by different levels of the BPFS (Table 8) . Meat lipid oxidation did not present (P > 0.05) an interaction between storage time and levels of BPFS, only observable effect on days storage (Table 9) . 
Discussion
The pectin content of the by-product was considered high (more than 15% in DM basis) when compared with fruits such as apple pomace, beet, and citrus fruits at 15%-20%, 15%-20%, and 30%-35%, respectively (Thibault 1980) . These soluble fibers, such as pectin, form a smooth surface layer along the small intestine mucosa and serve as a barrier Note: *, significant by Dunnett's test at 5%; R, regression; CV, coefficient of variation; NS, nonsignificant. a y = 1070.6 − 27.647x; R 2 = 0.65.
to the absorption of some nutrients, decreasing metabolism, especially sugars and fats (Wascheck et al. 2008 ).
The levels of ash (3.52%), Ca (0.08%), and P (0.43%) obtained were higher than those reported by Romo and Nava (2007) , and these differences may be linked to the soil characteristics and fertilization where the fruits were grown, because mineral nutrition is an important factor in the quality of the passion fruit (Mendonça et al. 2006) .
In relation to phenolic compounds, López-Vargas et al. (2013) found a value of 4.31 mg GAE g −1 of phenolic compounds, similar to this experiment. Many of these phenolic compounds have a range of biological and pharmacological effects with antioxidant, antibacterial, antiviral, anti-inflammatory, antiallergic, and vasodilatory actions (Zeraik et al. 2010) . As for performance, the feed conversion increased linearly (P < 0.05) in both periods, but comparing each level of inclusion of BPFS with the control treatment, there was a worse feed conversion (P < 0.05) for levels of 7.5%, 10.0%, and 12.5%, which may have been related to the high insoluble fiber content of BPFS, as fibers can be considered a diluent or antinutritional factor in the diet. The BPFS used in this study has 50.22% NDF (Scheideler et al. 1998; González-Alvarado et al. 2007 ). It was expected that cholesterol levels decrease with the inclusion of BPFS in diets due to this high pectin content, because this compound in large quantities can reduce the total cholesterol and cholesterol low-density lipoprotein in blood (Ramos et al. 2007 ). Baker (1994) suggests that the effect of reducing plasma cholesterol pectin is evidenced only in cases of individuals with high cholesterol or consuming diets rich in cholesterol. It was not observed in this experiment because the broilers were slaughtered young (42 d). However, there was a linear decrease in blood triglycerides at 21 d of age. The consumption of insoluble fiber derived from passion fruit seed could effectively reduce serum levels of triglycerides in rodents (Chau and Huang 2005) , also observed in broiler.
The relative liver weight had a quadratic effect; however, when comparing the level of inclusion of BPFS with the control, a difference was observed for treatments 5.0%, 7.5%, and 10.0%. The increase in the relative liver weight may be due to the presence of elevated levels of lipids, especially polyunsaturated fatty acids in the BPFS.
At 42 d of age, jejunal villus height decreased as the level of BPFS increased; comparing each treatment with control, there was lower villus height in the jejunum levels with 10.0% and 12.5% inclusion of BPFS. This shows a worsening in the health of the villi of the small intestine, which is precisely the portion responsible for the absorption of nutrients. The high fiber content of the BPFS (43.71% ADF and 50.22% NDF) can promote a sensation of satiety, especially in relation to pectin (18.34%), it also has a high gelling ability and acts as a stabilizer (Kim et al. 2005) , which may have increased the viscosity of the diet, thus causing these changes in intestinal morphology (Gracia et al. 2003) . This reduction in villus height may be associated with the large amount of fiber in food causing increased friction in the mucosa.
The breast meat was not affected by different levels of the BPFS, only the color of the thigh was affected; the redness presented a quadratic response (P < 0.05), with lower color estimated for the level of 9.85% BPFS. Comparing the mean of each treatment with the control, thighs of birds fed 2.5% and 5% BPFS had lower (P < 0.05) redness than the thigh of birds receiving the diet control. No changes were found for body color, despite the presence of passion fruit pigments (Mercadante et al. 1998) , and the main trans-β-carotene (Godoy and Rodriguez-Amaya 1994 ).
An effect of meat lipid oxidation on storage was observed. On day 1, the samples had a higher (P < 0.05) MDA content, indicating the highest oxidation. These high levels may result from the type of storage, since after collection, the thighs were kept refrigerated at 4°C until time of analysis and the remaining samples were placed in a freezer. On day 30, samples with 5% BPFS inclusion of oxidation showed similar values (P > 0.05) to the control treatment and on day 60 smaller values (P < 0.05), indicating that the 5% phenolic compounds level (4.01 mg GAE g −1 found in the studied by-product) delays and reduces lipid oxidation meat (Fig. 1) . It is important to note that meat from birds fed diets including BPFS tends to have a higher lipid oxidation due to the higher content of fatty acids contained in the diet. The BPFS is characterized by the presence of a high content of fatty acids, among which stand out linoleic acid (63.98%), oleic acid (19.53%), palmitic acid (11.29%), stearic (3.54%), and linolenic acid (0.40%).
The good oxidative stability found in this work can be attributed to vegetable oils containing natural antioxidants such as isoflavones, tocopherols, and polyphenols (Vernaza et al. 2012) . The analyses carried out on day 30 and day 60 of storage had lower (P < 0.05) oxidation compared with the first day of storage, because such samples were stored in a freezer at −20°C after slaughter. Freezing is one of the best meat preservation methods, because it effectively inhibits enzymatic and chemical reactions. Oxidation of the meat begins in the postmortem period, with the conversion of muscle meat, caused by biochemical changes that offer favorable conditions for the occurrence of oxidation, initially being in the fraction of phospholipids, highlighting the importance of polyunsaturated fatty acids (Pikul et al. 1989 ).
Conclusion
The BPFS presented 3945 kcal kg -1 of AMEn and 10.68%
CP. In the periods from 1 to 21 d and 1 to 42 d old, BPFS can be used at levels of up to 5.0% inclusion in broiler diets without impairing performance, carcass yield, blood parameters, intestinal morphometry, and meat quality.
